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RESIN COMPOSITION, PREPREG OR RESIN
SHEET COMPRISING THE RESIN

COMPOSITION, AND LAMINATE AND
PRINTED CIRCUIT BOARD COMPRISING
THEM

TECHNICAL FIELD

The present mvention relates to a resin composition, a
prepreg or a resin sheet comprising the resin composition, a
laminate comprising the prepreg or the resin sheet, and a
printed circuit board comprising the resin composition.

BACKGROUND ART

The high integration or high-density packaging of each
component for semiconductor packages has been increas-
ingly accelerated in recent years as semiconductor packages
widely used 1n electronics, communication devices, personal
computers, etc. have been more highly functionalized or
mimaturized. Along with this, the diflerence in the coetli-
cient of thermal expansion between a semiconductor device
and a printed circuit board for semiconductor plastic pack-
ages causes the undesired warpage of semiconductor plastic
packages. Various measures against this problem have been
attempted.

One example of the measures 1includes reduction in ther-
mal expansion of insulating layers for use 1n printed circuit
boards. This approach 1s to suppress the warpage by bring-
ing the coetlicient of thermal expansion of a printed circuit
board closer to the coeflicient of thermal expansion of a
semiconductor device and 1s currently being actively tackled
(see e.g., Patent Documents 1 to 3).

In addition to the reduction in thermal expansion of
printed circuit boards, increase 1n the rigidity of laminates
(high rnigidity) or increase in the glass transition tempera-
tures of laminates (high Tg) has been studied as an approach
for suppressing the warpage of semiconductor plastic pack-
ages (see e.g., Patent Documents 4 and 3).

LIST OF PRIOR ART DOCUMENTS

Patent Document

Patent Document 1: Japanese Patent Laid-Open No. 2013-
216884
Patent Document 2:
Patent Document 3:
035728
Patent Document 4:
001807
Patent Document 3:

178992

Japanese Patent No. 3173332
Japanese Patent Laid-Open No. 2009-

Japanese Patent Laid-Open No. 2013-

Japanese Patent Laid-Open No. 2011-

SUMMARY OF INVENTION

Problems to be Solved by Invention

Unfortunately, the reduction in thermal expansion of
printed circuit boards by the conventional approaches
described 1n Patent Documents 1 to 3 has already

approached their limits. Further reduction 1n thermal expan-
sion 1s difficult.

Meanwhile, the high rigidity of laminates 1s achieved by
highly incorporating fillers into resin compositions for use in
laminates or by using an inorganic filler having a high elastic
modulus, such as alumina. The problems of these
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2

approaches, however, are that such high incorporating of
fillers deteriorates the moldability of laminates while use of
inorganic fillers such as alumina deteriorates the coethicient
of thermal expansion of laminates. Thus, the high rnigidity of
laminates fails to achieve the suflicient suppression of the
warpage ol semiconductor plastic packages.

The approach based on the high Tg of laminates improves
an elastic modulus during reflow and is therefore efiective
for reducing the warpage of semiconductor plastic packages.
The approach based on the high Tg, however, causes dete-
rioration 1n heat resistance upon moisture-absorbing ascrib-
able to elevated crosslink density or the occurrence of voids
resulting from poor moldability. This often becomes a
practical problem in the field of electronic materials, which
are required to have very high reliability. Thus, there has
been a demand for an approach for solving these problems.

Accordingly, an object of the present invention 1s to
provide a resin composition having a favorable rate of
maintenance of elastic modulus and a low coethlicient of
thermal expansion.

Means for Solving Problems

The present inventors have conducted diligent studies to
attain the object and consequently found that a resin com-
position comprising particular components has a favorable
rate of maintenance of elastic modulus and a low coeflicient
of thermal expansion, reaching the present invention.

Specifically, the present invention relates to the following:
[1]

A resin composition comprising an alkenyl-substituted

nadimide (A), a maleimide compound (B), and an amino-
modified silicone (C).

2]

The resin composition according to [1], wherein at least
a portion of the maleimide compound (B) 1s comprised in the
form of a prepolymer (P) obtained by polymenzing the
maleimide compound (B) with the amino-modified silicone
(C).
[3]

The resin composition according to [1] or [2], wherein the
alkenyl-substituted nadimide (A) comprises a compound
represented by following general formula (1):

7 X

wherein each R, independently represents a hydrogen atom
or an alkyl group having 1 to 6 carbon atoms, and R,
represents an alkylene group having 1 to 6 carbon atoms, a
phenylene group, a biphenylene group, a naphthylene group,
or a group represented by following general formula (2) or

(3):

(2)
Rj3

X



US 10,703,874 B2

3

wherein R, represents a methylene group, an isopropylidene
group, or a substituent represented by CO, O, S, or SO,, and

(3)

wherein each R, independently represents an alkylene group
having 1 to 4 carbon atoms, or a cycloalkylene group having
5 to 8 carbon atoms.
[4]

The resin composition according to any of [1] to [3],
wherein the alkenyl-substituted nadimide (A) comprises a

compound represented by following formula (4) and/or a
compound represented by following formula (3):

\/\6@

O /

(4)

s

(5)

[5]
The resin composition according to any of [1] to [4],
wherein the maleimide compound (B) 1s at least one com-

pound selected from the group consisting of bis(4-maleimi-
dophenyl)methane,  2,2-bis{4-(4-maleimidophenoxy)-ph-
enyl }propane,  bis(3-ethyl-5-methyl-4-maleimidophenyl)
methane, polytetramethylene oxide-bis(4-maleimidobenzo-
ate) and a maleimide compound represented by following
general formula (6):

(6)

X s )\
| —| g
% 1l~5 P

wherein each R. independently represents a hydrogen atom
or a methyl group, and n, represents an integer of 1 or larger.
6]

The resin composition according to any of [1] to [5],
turther comprising a cyanic acid ester compound.
[7]

The resin composition according to [6], wherein the
cyanic acid ester compound comprises a compound repre-
sented by following formula (7) and/or a compound repre-
sented by following formula (8):
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(7)

wherein each R, independently represents a hydrogen atom
or a methyl group, and n, represents an integer of 1 or larger,
and

(3)

OCN OCN
)\ N N
| c—{l- —=
\/ R, F

wherein each R- independently represents a hydrogen atom
or a methyl group, and n, represents an integer of 1 or larger.

[3]
The resin composition according to any of [1] to [7],

turther comprising an 1imidazole compound (X) represented
by following general formula (I):

()

wherein each Ar independently represents a phenyl group, a
naphthalene group, a biphenyl group, an anthracene group,
or a hydroxy group-modified group thereof, and R repre-
sents a hydrogen atom, an alkyl group or a hydroxy group-
modified group thereof, or an aryl group.

9]

The resin composition according to [8], wherein the
imidazole compound (X) represented by the general formula
(I) 1s 2,4,5-triphenylimidazole.

[10]

The resin composition according to any of [1] to [9],
wherein the amino-modified silicone (C) comprises a com-
pound represented by following general formula (Y):

) ) (Y)
Ry Ry R
| |
HzN—Rm—S‘i—O——Si—O— S‘l—Rm—NHz
Ry Ry Ry

wherein each R, independently represents a hydrogen atom,
a methyl group, or a phenyl group, each R, independently
represents an alkylene group having 1 to 10 carbon atoms
and optionally having a side chain, and n represents an
integer of O or larger.
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[11]

The resin composition according to any of [1] to [10],

turther comprising an norganic filler (D).
[12]

The resin composition according to [11], wherein the
inorganic filler (D) comprises at least one selected from the
group consisting of silica, alumina, and aluminum nitride.
[13]

The resin composition according to [11] or [12], wherein
the content of the morganic filler (D) 1s 50 to 500 parts by
mass based on 100 parts by mass 1n total of the alkenyl-
substituted nadimide (A), the maleimide compound (B), and
the amino-modified silicone (C).

[14]

A prepreg comprising a base material impregnated or
coated with the resin composition according to any of [1] to
[13].
[15]

The prepreg according to [14], wherein the base material
1s at least one material selected from the group consisting of
E glass cloth, T glass cloth, S glass cloth, Q glass cloth, and
an organic fiber.

[16]

A resin sheet comprising a support coated with the resin
composition according to any of [1] to [13].

[17]

A laminate comprising a cured product of a laminated
body comprising one or more layers of at least one selected
from the group consisting of the prepreg according to [14]
or [15] and the resin sheet according to [16].

[18]

A metal foil-clad laminate comprising a cured product of
a laminated body comprising a metal fo1l laminated with at
least one selected from the group consisting of the prepreg
according to [14] or [15] and the resin sheet according to
[16].
[19

A printed circuit board comprising an msulating layer and
a conductor layer formed on a surface of the insulating layer,
wherein the isulating layer comprises the resin composition
according to any of [1] to [13].

Advantages of Invention

The present invention can provide a resin composition
having a favorable rate ol maintenance of elastic modulus
and a low coetlicient of thermal expansion.

MODE FOR CARRYING OUT INVENTION

Hereinafter, the mode for carrying out the present inven-
tion (hereinafter, also referred to as the “present embodi-
ment”) will be described. The embodiments below are given
tor illustrating the present invention, and the present inven-
tion 1s not mtended to be limited by these embodiments.
|[Resin Composition]

The resin composition of the present embodiment com-
prises an alkenyl-substituted nadimide (A), a maleimide
compound (B), and an amino-modified silicone (C). In the
resin composition of the present embodiment, 1t 1s preferred
that at least a portion of the maleimide compound (B) should
be comprised 1n the form of a prepolymer (P) obtained by
polymerizing the maleimide compound (B) with the amino-
modified silicone (C), because there 1s a tendency to
improve peel strength, improve desmear resistance, improve
moldability, or suppress the bleedout of a silicone compo-
nent.
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Hereinatter, the resin composition will be described 1n
detaul.
| Alkenyl-Substituted Nadimide (A)]

The alkenyl-substituted nadimide (A) used 1n the present
embodiment 1s not particularly limited as long as the com-
pound has one or more alkenyl-substituted nadimide groups
in the molecule. Specific examples thereof include a com-
pound represented by following general formula (1):

\ 7 ] Y
h /\<
R, ‘ N—R, — ‘ R,
. -~
Rl Rl
O O

In the formula (1), each R, independently represents a
hydrogen atom or an alkyl group having 1 to 6 carbon atoms,
and R, represents an alkylene group having 1 to 6 carbon
atoms, a phenylene group, a biphenylene group, a naphth-
ylene group, or a group represented by following general
formula (2) or (3):

~

In the formula (2), R, represents a methylene group, an
1sopropylidene group, or a substituent represented by CO, O,

S, or SO,

(1)

(2)

Rz

(3)

In the formula (3), each R, 1s independently selected and
represents an alkylene group having 1 to 4 carbon atoms, or
a cycloalkylene group having 5 to 8 carbon atoms.

A commercially available product can also be used as the
alkenyl-substituted nadimide (A) represented by the formula
(1). Examples of the commercially available product
include, but are not particularly limited to, a compound
represented by the formula (4) given below (BANI-M
(manufactured by Maruzen Petrochemical Co., Ltd.)), and a
compound represented by the formula (5) given below
(BANI-X (manufactured by Maruzen Petrochemical Co.,
[td.)). These compounds may be used singly or in combi-
nations of two or more thereof.

(4)

e

O /
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-continued
(3)

In the resin composition of the present embodiment, the
content of the alkenyl-substituted nadimide (A) 1s not par-
ticularly limited and may be determined according to the
ratio of the number of functional group between the number

of alkenyl groups (&) (one of the functional groups) in the
alkenyl-substituted nadimide (A) and the number of maleim-
ide groups (3) 1in the maleimide compound [[/c] as men-
tioned later. The content of the alkenyl-substituted nadimide
(A) 1s preferably 10 to 60 parts by mass, more preferably 15
to 50 parts by mass, further preferably 20 to 40 parts by
mass, based on 100 parts by mass 1n total of the components
(A) to (C). When the content of the component (A) falls

within such a range, the resulting printed circuit board can

be excellent 1n moldability even with a filler, and be excel-
lent 1in curability, elastic modulus under heat (e.g., tlexural
modulus at 250° C. and flexural modulus at a solder reflow
temperature), desmear resistance, and chemical resistance.
The ratio of the number of maleimide groups (f3) in the
maleimide compound (B) to the number of alkenyl groups
(c) 1n the alkenyl-substituted nadimide (A) [/a] mentioned
above 1s preferably 0.9 to 4.3, more preferably 1.5 to 4.0,
turther preferably 1.5 to 3.0.

[Maleimide Compound (B)

The maleimide compound (B) used 1n the present embodi-
ment 1s not particularly limited as long as the compound has
one or more maleimide groups in the molecule. Specific
examples thereof include N-phenylmaleimide, N-hydroxy-
2,2-
bis{4-(4-maleimidophenoxy)-phenyl } propane, bis(3,5-dim-
cthyl-4-maleimidophenyl)methane, bis(3-ethyl-5-methyl-4-
b1s(3,5-diethyl-4-maleimi-
dophenyl)methane, polytetramethylene oxide-bis(4-ma-
leimidobenzoate), a maleimide compound represented by
the formula (6) given below, prepolymers of these maleim-
ide compounds, and prepolymers of the maleimide com-
pounds and amine compounds. These compounds may be

used singly or 1n a form of a suitable mixture of two or more
thereol.

Among them, bis(4-maleimidophenyl)methane, 2,2-
bis{4-(4-maleimidophenoxy)-phenyl } propane, bis(3-ethyl-
S-methyl-4-maleimidophenyl)methane, polytetramethylene
oxide-bis(4-maleimidobenzoate), or a maleimide compound
represented by following general formula (6) 1s preferred,
and a maleimide compound represented by following gen-
eral formula (6) 1s particularly preferred. The resin compo-
sition comprises such a maleimide compound (B), whereby
there 1s a tendency to bring about reduction 1n coeflicient of
thermal expansion, improvement in glass transition tempera-
ture, improvement in heat resistance, and improvement in
clastic modulus under heat to the resulting cured product.

phenylmaleimide, bis(4-maleimidophenyl)methane,

maleimidophenyl)methane,
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~ _ _ (6)
N O%O
)\ 1]’*5 )\
| -

X
N

In the formula (6), each R independently represents a
hydrogen atom or a methyl group and 1s particularly pret-
erably a hydrogen atom.

In the formula, n, represents an integer of 1 or larger. The
upper limit of n, 1s preterably 10, more preferably 7.

The resin composition of the present embodiment prei-
erably comprises a prepolymer (P) obtained by polymerizing
the maleimide compound (B) with the amino-modified sili-
cone (C), the alkenyl-substituted nadimide (A), and the
maleimide compound (B). In this context, the maleimide
compound (B) used as a starting material for the prepolymer
(P) (hereiatter, also referred to as a “maleimide compound
(B-1)”), and the maleimide compound (B) contained in the
resin composition aside from the maleimide compound
(B-1) (herematter, also referred to as a “maleimide com-
pound (B-2)”) may be the same or diflerent and are prefer-
ably different.

The maleimide compound (B-1) 1s preferably bis(4-ma-
leimidophenyl)methane, 2,2-bis{4-(4-maleimidophenoxy)-
phenyl }propane, bis(3-ethyl-5-methyl-4-maleimidophenyl)
methane, polytetramethylene oxide-bis(4-maleimid-
obenzoate), or a maleimide compound represented by the
general formula (6), more preferably 2,2-bis{4-(4-maleimi-
dophenoxy)-phenyl}propane or bis(3-ethyl-5-methyl-4-ma-
leimidophenyl)methane, further preferably 2,2-bis{4-(4-ma-
leimidophenoxy)-phenyl} propane.

The maleimide compound (B-2) 1s preferably bis(4-ma-
leimidophenyl)methane, 2,2-bis{4-(4-maleimidophenoxy)-
phenyl }propane, bis(3-ethyl-5-methyl-4-maleimidophenyl)
methane, polytetramethylene oxide-bis(4-maleimid-
obenzoate), or a maleimide compound represented by the
general formula (6), more preferably bis(3-ethyl-5-methyl-
4-maleimidophenyl)methane, polytetramethylene oxide-bis
(4-maleimidobenzoate), or a maleimide compound repre-
sented by the general formula (6), further preferably a
maleimide compound represented by the general formula
(6).

These maleimide compounds (B-1) or (B-2) may be used
singly or may be used in combinations of two or more
thereof.

In the resin composition of the present embodiment, the
content of the maleimide compound (B) 1s not particularly
limited and may be determined according to the ratio of the
number of maleimide groups in the maleimide compound
(B) to the number of alkenyl groups in the alkenyl-substi-
tuted nadimide (A) mentioned above. The content of the
maleimide compound (B) 1s preferably 30 to 80 parts by
mass, more preferably 35 to 70 parts by mass, further
preferably 40 to 60 parts by mass, based on 100 parts by
mass 1n total of the components (A) to (C). In the resin
composition of the present embodiment, 1n the case of using
the maleimide compounds (B-1) and (B-2) as the maleimide
compound (B), the content of the maleimide compound
(B-1) 1s determined by the number of amino groups in the
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amino-modified silicone (C). Specifically, the ratio of the
number of maleimide groups in the maleimide compound
(B-1) to the number of amino groups in the amino-modified
silicone (C) [B-1/C] 1s preferably 1.0 to 20.0, more prefer-
ably 4.0 to 15.0, turther preferably 6.0 to 12.0. The content
of the maleimide compound (B-2) 1s preferably the difler-
ence between the content of the maleimide compound (B)
and the content of the maleimide compound (B-1) ([(B—(B-
1)]). When the content of the component (B) falls within
such a range, the resulting printed circuit board can be
excellent in moldability even with a filler, and be excellent
in curability, elastic modulus under heat, desmear resistance,
and chemical resistance.

| Amino-Modified Silicone (C)]

The amino-modified silicone (C) used in the present
embodiment 1s not particularly limited as long as the com-
pound has one or more amino groups in the molecule.
Specific examples thereol include a compound represented
by following general formula (Y):

_ _ (Y)
I|{9 Ry Ii’tg
HgN—Rm—[‘Si—O——Si—O——[T“i—Rm—NHz
Ry Ro Ro
- - 7

In the formula (Y), each R, independently represents a
hydrogen atom, a methyl group, or a phenyl group and 1s
particularly preferably a methyl group. In the formula (Y),
cach R, , independently represents an alkylene group having
1 to 10 carbon atoms and optionally having a side chain and
1s particularly preferably an alkylene group having 2 to 10
carbon atoms. In the formula (Y), n represents an integer of
0 or larger.

The amino group equivalent of the amino-modified sili-
cone (C) 1s preferably 130 to 6000, more preferably 400 to
3000, further preferably 600 to 2500. By use of such an
amino-modified silicone (C), the resulting resin composition
can have a favorable rate of maintenance of elastic modulus
and a lower coetlicient of thermal expansion.

In the resin composition of the present embodiment, the
content of the amino-modified silicone (C) 1s not particularly
limited and 1s preferably 1 to 40 parts by mass, more
preferably 3 to 30 parts by mass, further preferably 5 to 20
parts by mass, based on 100 parts by mass in total of the
components (A) to (C). When the content of the component
(C) falls within such a range, the resulting resin composition
can have a favorable rate of maintenance of elastic modulus
and a much lower coeflicient of thermal expansion.
| Additional Resin]

The resin composition of the present embodiment may be
supplemented with an additional resin, 1n addition to the
components (A) to (C), as long as the additional resin does
not 1mpair the intended characteristics. The type of the
additional resin 1s not particularly limited as long as the resin
has insulating properties. Examples thereol include resins
such as epoxy resins, benzoxazine compounds, phenol res-
ins, and thermoplastic resins. Appropriately combined use
with these resins can confer characteristics such as metal
adhesion and stress-relaxing properties.

For the combined use with, for example, an epoxy resin,
the epoxy resin 1s not particularly limited as long as the
compound has two or more epoxy groups in one molecule.
Examples thereof include bisphenol A-based epoxy resins,
bisphenol E-based epoxy resins, bisphenol F-based epoxy
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resins, bisphenol S-based epoxy resins, phenol novolac-
based epoxy resins, bisphenol A novolac-based epoxy resins,
cresol novolac-based epoxy resins, biphenyl-based epoxy
resins, naphthalene-based epoxy resins, naphthylene ether-
based epoxy resins, trifunctional phenol-based epoxy resins,
tetrafunctional phenol-based epoxy resins, glycidyl ester-
based epoxy resins, phenol aralkyl-based epoxy resins,
biphenyl aralkyl-based epoxy resins, biphenyl novolac-
based epoxy resins, aralkyl novolac-based epoxy resins,
naphthol aralkyl-based epoxy resins, dicyclopentadiene-
based epoxy resins, polyol-based epoxy resins, 1socyanurate
ring-containing epoxy resins, and halides thereof. Among
them, a naphthylene ether-based epoxy resin or a biphenyl
aralkyl-based epoxy resin 1s more preferred from the view-
point of glass transition temperature and heat resistance.
These epoxy resins may be used singly or in combinations
of two or more thereof.

The content of the epoxy resin 1s not particularly limited
and 1s preferably 3 to 40 parts by mass, more preferably 3
to 30 parts by mass, further preferably 3 to 20 parts by mass,
based on 100 parts by mass in total of the components (A)
to (C). When the content of the epoxy resin falls within the
range described above, heat resistance and curability tend to
be further improved.

[Inorganic Filler (D)]

The resin composition of the present embodiment prei-
erably further comprises an inorganic filler (D).

The 1norganic filler (D) used 1n the present embodiment 1s
not particularly limited as long as the inorganic filler has
insulating properties. Examples thereof include silicas (e.g.,
natural silica, fused silica, amorphous silica, and hollow
silica), alumina, aluminum nitride, boron nitride, boechmiute,
molybdenum oxide, titammum oxide, zinc borate, zinc stan-
nate, clay, kaolin, talc, fired clay, fired kaolin, fired talc,
mica, short glass fiber (fine glass powders such as E glass
and D glass), hollow glass, and spherical glass. These
inorganic fillers may be used singly or 1n a form of a suitable
mixture of two or more thereof.

Among them, silica i1s preferably used from the viewpoint
of low thermal expansion. Alumina or aluminum nitride 1s
preferably used from the viewpoint of high thermal conduc-
tivity.

In the resin composition of the present embodiment, the
content of the 1norganic filler (D) 1s not particularly limited
and 1s preferably 50 to 500 parts by mass based on 100 parts
by mass in total of the components (A) to (C) in view of
characteristics such as low thermal expansion and high
thermal conductivity. Among others, the content of the
inorganic filler (D) 1s more preferably 100 to 300 parts by
mass, further preferably 100 to 250 parts by mass.

[Cyanic Acid Ester Compound]

The resin composition of the present embodiment prei-
erably further comprises a cyanic acid ester compound.

Examples of the type of the cyanic acid ester compound
used in the present embodiment include, but are not par-
ticularly limited to, a naphthol aralkyl-based cyanic acid
ester represented by the general formula (7) given below, a
novolac-based cyanic acid ester represented by the general
formula (8) given below, biphenyl aralkyl-based cyanic acid
esters, bis(3,3-dimethyl-4-cyanatophenyl)methane, bis(4-
cyanatophenyl)methane, 1,3-dicyanatobenzene, 1,4-dicy-
anatobenzene, 1,3,5-tricyanatobenzene, 1,3-dicyanatonaph-

thalene, 1,4-dicyanatonaphthalene, 1,6-dicyanaton-
aphthalene, 1,8-dicyanatonaphthalene, 2,6-dicyanatonaph-
thalene, 2,7-dicyanatonaphthalene, 1,3,6-tricyanatonaphtha-

lene, 4,4'-dicyanatobiphenyl, bis(4-cyanatophenyl) ether, bis
(4-cyanatophenyl) thioether, bis(4-cyanatophenyl)sulfone,
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2,2-bis(4-cyanatophenyl )propane, and prepolymers thereof.
These cyanic acid ester compounds may be used singly or
may be used in combinations of two or more thereof.

Among them, a naphthol aralkyl-based cyanic acid ester
compound represented by following general formula (7), a
novolac-based cvanic acid ester represented by following
general formula (8), or a biphenyl aralkyl-based cyanic acid
ester 1s particularly preferred because of excellent flame
retardancy, high curability, and the low coethicient of thermal
expansion of a cured product.

(7)

OCN OCN
7 /ﬁ R¢ ,— Rg % /m
\ i C \ /—C— \ j H
R¢ R

In the formula (7), each R, independently represents a
hydrogen atom or a methyl group and 1s particularly pret-
erably a hydrogen atom.

In the formula (7), n, represents an integer of 1 or larger.
The upper limit of n, 1s preferably 10, more preferably 6.

(8)
OCN

L&

N IL

In the formula (8), each R, independently represents a
hydrogen atom or a methyl group and is particularly pret-
erably a hydrogen atom.

In the formula (8), n, represents an integer of 1 or larger.

The upper limit of n, 1s preferably 10, more preferably 7.

Methods for producing these cyanic acid ester compounds
are not particularly limited, and the cyanic acid ester com-
pound used in the present embodiment may be produced by
any method existing as a cyanic acid ester synthesis method.
As a specific example, the cyanic acid ester compound can
be obtained by reacting a naphthol aralkyl-based phenol
resin represented by the general formula (9) given below
with cyanogen halide 1n the presence of a basic compound
in an inert organic solvent. An alternate method that may be
adopted 1nvolves forming a salt of a similar naphthol
aralkyl-based phenol resin and a basic compound in a
solution containing water, followed by two-phase interfacial
reaction with cyanogen halide for synthesis.

()

/OH /OH
Rg — Rg
= N \ | 7 N
S j C \ / C . i H
Ry Rq

In the formula (9), each Ry independently represents a
hydrogen atom or a methyl group and is particularly pret-
erably a hydrogen atom.
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In the formula (9), n, represents an integer of 1 or larger.
The upper limit of n, 1s preterably 10, more preferably 6.

The naphthol aralkyl-based cyanic acid ester compound
can be selected from those obtained by condensing cyanic
acid with a naphthol aralkyl resin obtained through the
reaction of a naphthol such as a.-naphthol or 3-naphthol with
p-xylylene glycol, a,a'-dimethoxy-p-xylene, 1,4-di(2-hy-
droxy-2-propyl)benzene, or the like.

In the resin composition of the present embodiment, the
content of the cyanic acid ester compound 1s preferably 0.1
to 10 parts by mass, more preferably 0.1 to 5 parts by mass,
turther preferably 0.3 to 3 parts by mass, based on 100 parts
by mass 1n total of the components (A) to (C). The content
of the cyanic acid ester compound falls within such a range,
whereby the resulting printed circuit board can be excellent
in moldability even when packed with a filler, and be
excellent 1n elastic modulus under heat, desmear resistance,
and chemical resistance.

[Imidazole Compound (X)]

The resin composition of the present embodiment pred-
erably further comprises an 1midazole compound (X) rep-
resented by following general formula (I):

()

A

H

wherein each Ar independently represents a phenyl group,
a naphthalene group, a biphenyl group, an anthracene group,
or a hydroxy group-modified group thereof, and R repre-
sents a hydrogen atom, an alkyl group or a hydroxy group-
modified group thereof, or an aryl group.

The 1midazole compound (X) represented by the general
formula (I) used 1n the present embodiment acts to acceler-
ate curing and acts to increase the glass transition tempera-
ture of a cured product. Examples of this imidazole sub-
stituent Ar include a phenyl group, a naphthalene group, a
biphenyl group, an anthracene group, and a hydroxy group-
modified group thereof. Among them, a phenyl group 1s
preferred. The imidazole substituent R 1s preferably a hydro-
gen atom, an alkyl group or a hydroxy group-modified group

thereol, an aryl group such as a phenyl group. More pret-
crably, both of the Ar group and the R group are phenyl
groups.

The imidazole compound (X) represented by the general
formula (I) 1s particularly preferably 2.,4,5-triphenylimida-
zole 1n view of the degree of curing and glass transition
temperature.

In the resin composition of the present embodiment, the
content of the imidazole compound (X) represented by the
general formula (I) 1s preferably in the range of 0.1 to 1
parts by mass, particularly preferably in the range of 0.2 to
S parts by mass, based on 100 parts by mass of the whole
resin composition 1 view of the storage stability of a
prepreg and moldability upon processing into a copper-clad
laminate.

[S1licone Powder]

The resin composition of the present embodiment may
comprise a silicone powder. The silicone powder acts as a
flame retardant promoter that delays a combustion time and

[

enhances a flame retardant effect.
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Examples of the silicone powder include, but are not
particularly limited to: a fine powder of polymethylsilses-
quioxane with three-dimensionally crosslinked networks of
siloxane bonds; a fine powder of an addition polymer of
vinyl group-contaiming dimethylpolysiloxane and methyl
hydrogen polysiloxane; a fine powder that 1s composed of an
addition polymer of vinyl group-containing dimethylpoly-
siloxane and methyl hydrogen polysiloxane and 1s covered
at 1ts surface with polymethylsilsesquioxane with three-
dimensionally crosslinked networks of siloxane bonds; and
an 1norganic carrier covered at 1ts surface with polymethyl-
silsesquioxane with three-dimensionally crosslinked net-
works of siloxane bonds. These silicone powders are com-
mercially available as silicone rubber powders and silicone
composite powders.

The average particle size (D50) of the silicone powder 1s
not particularly limited. The average particle size (D30) 1s
preferably 1 to 15 um 1n consideration of dispersibility.

In the resin composition of the present embodiment, the
content of the silicone powder 1s preferably 3 to 120 parts by
mass based on 100 parts by mass in total of the components
(A) to (C). Too large a content of the silicone powder may
reduce moldability or dispersibility. Therefore, the content
of the silicone powder 1s particularly preferably 3 to 60 parts
by mass.

[Silane Coupling Agent and/or Wetting Dispersant]

The resin composition of the present embodiment may be
used 1n combination with a silane coupling agent and/or a
wetting dispersant 1n order to improve the dispersibility of
fine particles and the adhesion strength between the resin
and the fine particles or glass cloth. The silane coupling
agent 1s not particularly limited as long as the silane cou-
pling agent 1s generally used in the surface treatment of
inorganic matter. Specific examples thereof include: amin-
osilane derivatives such as y-aminopropyltriethoxysilane
and N-[-(aminoethyl)-y-aminopropyltrimethoxysilane;
epoxysilane dernivatives such as vy-glycidoxypropylt-
rimethoxysilane; acrylsilane derivatives such as y-acryloxy-
propyltrimethoxysilane; cationic silane derivatives such as
N-p-(N-vinylbenzylaminoethyl )-y-aminopropyltrimethox-
ysilane hydrochloride; and phenylsilane derivatives. These
silane coupling agents may be used singly or in suitable
combinations of two or more thereol. The wetting dispersant
1s not particularly limited as long as the wetting dispersant
1s used as a dispersion stabilizer for paint. Examples of the
wetting dispersant include DISPER-110, -111, -118, -180,
and -161, BYK-W996, -W9010, and -W903 manufactured
by BYK Japan K.K.
| Additional Curing Accelerator]

The resin composition of the present embodiment may be
used 1 combination with an additional curing accelerator in
addition to the mmidazole compound (X) as long as the
additional curing accelerator does not impair intended char-
acteristics. Examples of the additional curing accelerators
include, but are not particularly limited to: organic peroxides
such as benzoyl peroxide, lauroyl peroxide, acetyl peroxide,
p-chlorobenzoyl peroxide, and di-tert-butyl-di-perphthalate;
azo compounds such as azobisnitrile; tertiary amines such as
N,N-dimethylbenzylamine, N,N-dimethylaniline, N,N-dim-
cthyltoluidine, 2-N-ethylanilinoethanol, tri-n-butylamine,
pyridine, quinoline, N-methylmorpholine, triethanolamine,
triethylenediamine, tetramethylbutanediamine, and N-meth-
ylpiperidine; phenols such as phenol, xylenol, cresol, resor-
cin, and catechol; organic metal salts such as lead naphth-
cnate, lead stearate, zinc naphthenate, zinc octoate, tin
oleate, dibutyl tin maleate, manganese naphthenate, cobalt
naphthenate, and acetyl acetone 1ron; these organic metal
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salts dissolved i1n hydroxy group-containing compounds
such as phenol and bisphenol; inorganic metal salts such as
tin chloride, zinc chloride, and aluminum chloride; and
dioctyl tin oxide and other organic tin compounds such as
alkyl tin and alkyl tin oxide.

[Solvent]

The resin composition of the present embodiment may
turther comprise a solvent, 1f necessary. For example, use of
an organic solvent reduces viscosity during the preparation
of the resin composition and thus improves handleability
while enhancing the impregnation of glass cloth with the
resin composition. The type of the solvent 1s not particularly
limited as long as the solvent 1s capable of dissolving a
portion or the whole of the resins in the resin composition.
Specific examples thereol include, but are not particularly
limited to: ketones such as acetone, methyl ethyl ketone, and
methylcellosolve; aromatic hydrocarbons such as toluene
and xylene; amides such as dimethylformamide; and pro-
pvlene glycol monomethyl ether and 1ts acetate. These
solvents can be used singly or in combinations of two or
more thereol.

[Method for Producing Resin Composition]

The resin composition of the present embodiment can be
produced, for example, by mixing the alkenyl-substituted
nadimide (A), the maleimide compound (B), and the amino-
modified silicone (C) mentioned above, and other optional
components according to the need. The resin composition of
the present embodiment 1s particularly preferably produced
by polymerizing the maleimide compound (B) with the
amino-modified silicone (C) to obtain a prepolymer (P), and
mixing the prepolymer (P), the alkenyl-substituted nadimide
(A), the maleimide compound (B), and other optional com-
ponents according to the need, 1n view of peel strength,
desmear resistance, moldability, the bleedout of a silicone
component, etc.

The components (A) to (C) and the optional components
used 1n the method for producing the resin composition of
the present embodiment are as described in the paragraphs
about the resin composition.

An organic solvent can be used, i necessary, in the
production of the resin composition of the present embodi-
ment. The type of the organic solvent 1s not particularly
limited as long as the solvent 1s capable of dissolving the
resins 1n the resin composition. Specific examples thereof
are as listed above.

Treatment (stirring, mixing, or kneading treatment, etc.)
known 1n the art for uniformly dissolving or dispersing each
component can be carried out 1n the production of the resin
composition of the present embodiment. In the case of using,
for example, the morganic filler (D), the morganic filler (D)
can be uniformly dispersed by stirring and dispersing treat-
ment using a stirring vessel equipped with a stirrer having an
appropriate stirring ability. This enhances the dispersibility
of the inorganic filler (D) 1n the resin composition. The
stirring, mixing, or kneading treatment can be appropriately
carried out using an apparatus known in the art such as an
apparatus aimed at mixing, for example, a ball mill or a bead
mill, or a revolution- or rotation-type mixing apparatus.
| Prepreg]

The prepreg of the present embodiment 1s a prepreg
comprising a base material impregnated or coated with the
resin composition described above.

The prepreg of the present embodiment can be obtained,
for example, by combining the resin composition with the
base material, specifically, impregnating or coating the base
material with the resin composition. The method for pro-
ducing the prepreg of the present embodiment can be carried
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out according to a routine method without particular limi-
tations. Examples thereof include a method which involves
impregnating or coating the base material with the resin
composition, Ifollowed by semi-curing (conversion to
B-stage) by heating or the like for 1 to 30 minutes in a drier 5
of 100 to 200° C. to obtain the prepreg. The amount of the
resin composition (comprising the mnorganic filler) in the
prepreg of the present embodiment 1s not particularly limited
and 1s preferably 1n the range of 30 to 90% by mass based
on the total mass of the prepreg. 10

The base material for use 1n the prepreg of the present
embodiment 1s not particularly limited and can be appropri-
ately selected for use from various printed circuit board
materials known 1n the art according to the intended use or
performance. Specific examples thereol include, but are not 15
particularly limited to: glass fibers such as E glass, D glass,

S glass, QQ glass, spherical glass, NE glass, and T glass;
non-glass morganic fibers such as quartz; wholly aromatic
polyamides such as poly-p-phenyleneterephthalamide (Kev-
lar®, manufactured by Du Pont K.K.) and co-poly-p-phe- 20
nylene/3,4"-oxydiphenylene/terephthalamide  (Technora®,
manufactured by Teijin Techno Products, Ltd.); polyesters
such as 2,6-hydroxynaphthoic acid/p-hydroxybenzoic acid
(Vectran®, manufactured by Kuraray Co., Ltd.); and organic
fibers such as poly-p-phenylene benzoxazole (Zylon®, 25
manufactured by Toyobo Co., Ltd.) and polyimide.

Among them, E glass cloth, T glass cloth, S glass cloth,

Q glass cloth, or an organic fiber 1s preferred from the
viewpoint of low thermal expansion.

These base materials can be used singly or in combina- 30
tions of two or more thereof.

Examples of the form of the base material include, but are
not particularly limited to, woven fabrics, nonwoven fabrics,
lobings, chopped strand mats, and surfacing mats. The
textures of the woven fabrics are not particularly limited, 35
and, for example, plain weave, mat weave, and twill weave
are known. The base material can be appropriately selected
for use from these materials known 1n the art according to
the intended use or performance. Such a base material
subjected to opening treatment or a glass woven fabric 40
surface-treated with a silane coupling agent or the like 1s
preferably used. The base matenal 1s not particularly limited
by 1ts thickness and mass. Usually, the base matenal of
approximately 0.01 to 0.3 mm 1s preferably used. In par-
ticular, the base material 1s preferably a glass woven fabric 45
having a thickness of 200 um or smaller and a mass of 250
g/m” or smaller, more preferably a glass woven fabric made
of E glass, S glass, or T glass fiber, from the viewpoint of
strength and water absorbability.
| Laminate Comprising Prepreg] 50

The laminate of the present embodiment can be obtained,
for example, by curing one or more layers of the prepreg
mentioned above.

Also, the metal foil-clad laminate of the present embodi-
ment can be obtained, for example, by curing a metal fo1l 55
laminated with the prepreg mentioned above.

Specifically, the metal foil-clad laminate of the present
embodiment can be obtained, for example, by providing at
least one or more layers of the prepreg mentioned above and
disposing the metal foil on one side or both sides thereof, 60
followed by lamination molding. More specifically, the
metal foil-clad laminate can be produced by providing one
layer or two or more layers of the prepreg mentioned above,
disposing the metal (e.g., copper or aluminum) foil on one
side or both sides thereof as desired, and lamination-mold- 65
ing this construct according to the need. In this context, the
metal foil used 1s not particularly limited as long as the metal
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fo1l can be used as a printed circuit board material. A copper
fo1l known 1n the art such as a rolled copper foil or an
clectrolytic copper foil 1s preferred. The thickness of the
metal fo1l 1s not particularly limited and 1s preterably 1 to 70
um, more preferably 1.5 to 35 um. The metal foil-clad
laminate 1s not particularly limited by 1ts molding method
and molding conditions and can be molded by use of a
general approach and conditions for laminates for printed
circuit boards and multilayer boards. For example, a multi-
platen press, a multiplaten vacuum press, a continuous
molding machine, or an autoclave molding machine can be
used 1n the molding of the metal foil-clad laminate. The

metal foil-clad laminate 1s generally molded at a temperature
of 100 to 300° C. and a pressure of 2 to 100 kgf/cm? in terms
ol surface pressure for a heating time 1n the range of 0.05 to
5 hours. If necessary, post curing may be further carried out
at a temperature of 150 to 300° C. Alternatively, the prepreg
mentioned above may be lamination-molded in combination
with a separately prepared wiring board for an inner layer to
obtain a multilayer board.

The metal foi1l-clad laminate of the present embodiment
can be preferably used as a printed circuit board by forming
a predetermined wiring pattern. The metal foil-clad laminate
of the present embodiment has a low coethicient of thermal
expansion and favorable moldability and chemical resis-
tance and can thus be used particularly efiectively as a
printed circuit board for semiconductor packages required to
have such performance.

In the present embodiment, the form of the prepreg
mentioned above as well as the form of an embedded sheet
comprising a metal foil or a film coated with the resin
composition mentioned above may be used.

[Resin Sheet]

The resin sheet of the present embodiment 1s a resin sheet
comprising a support coated on one side or both sides with
the resin composition mentioned above. In this context, the
resin sheet 1s used as an approach for thinming and can be
produced, for example, by directly coating a support such as
a metal foil or a film with a thermosetting resin (comprising
an inorganic filler) for use in prepregs, etc., followed by
drying.

The support for use in the production of the resin sheet of
the present embodiment 1s not particularly limited, and any
of various printed circuit board materials known 1n the art
can be used. Examples thereol include polyimide films,
polyamide films, polyester films, polyethylene terephthalate
(PET) films, polybutylene terephthalate (PBT) films, poly-
propylene (PP) films, polyethylene (PE) films, aluminum
toils, copper foils, and gold foils. Among them, an electro-
lytic copper foi1l or a PET film 1s preferred.

The resin sheet of the present embodiment 1s particularly
preferably a product obtained by coating the support with
the aforementioned resin composition, followed by semi-
curing (conversion to B-stage). The method for producing
this resin sheet of the present embodiment 1s generally
preferably a method for producing a composite of a B-stage
resin and a support. Specific examples thereol include a
method which mvolves coating the support such as a copper
fo1l with the resin composition, followed by semi-curing by
a method such as heating for 1 to 60 minutes in a drier of 100
to 200° C. to produce the resin sheet. The amount of the resin
composition applied to the support 1s preferably in the range
of 1 to 300 um 1n terms of the resin thickness of the resin
sheet.

The resin sheet of the present embodiment can be used as
a buildup material for printed circuit boards.




US 10,703,874 B2

17

| Laminate Comprising Resin Sheet]

The laminate of the present embodiment can be obtained,
for example, by curing one or more layers of the resin sheet
mentioned above.

Also, the metal foil-clad laminate of the present embodi-
ment can be obtained, for example, by curing a metal foil
laminated with the resin sheet mentioned above.

Specifically, the metal foil-clad laminate of the present
embodiment can be obtained, for example, by using the resin
sheet mentioned above and disposing the metal foil on one
side or both sides thereof, followed by lamination molding.
More specifically, the metal foil-clad laminate can be pro-
duced, for example, by providing one layer of the resin sheet
mentioned above or two or more layers of the resin sheet
separated from its support as desired, disposing the metal
(c.g., copper or aluminum) foil on one side or both sides
thereol, and lamination-molding this construct according to
the need. In this context, the metal foil used 1s not particu-
larly limited as long as the metal fo1l can be used as a printed
circuit board material. A copper foil known 1n the art such
as a rolled copper foil or an electrolytic copper foil 1is
preferred. The metal foil-clad laminate 1s not particularly
limited by 1ts molding method and molding conditions and
can be molded by use of a general approach and conditions
for laminates for printed circuit boards and multilayer
boards. For example, a multiplaten press, a multiplaten
vacuum press, a continuous molding machine, or an auto-
clave molding machine can be used 1n the molding of the
metal foil-clad laminate. The metal foil-clad laminate 1s
generally molded at a temperature of 100 to 300° C. and a
pressure of 2 to 100 kgf/cm” in terms of surface pressure for
a heating time 1n the range of 0.05 to 5 hours. If necessary,
post curing may be further carried out at a temperature of
150 to 300° C.
| Laminate Comprising Resin Sheet and Prepreg]

The laminate of the present embodiment may be a lami-
nate obtained by curing one or more layers of a resin sheet
and one or more layers of a prepreg or may be a metal
fo1l-clad laminate obtained by curing a metal fo1l laminated
with a resin sheet and a prepreg.

When the form of a metal foil-clad laminate 1s not adopted
in the present embodiment, an electroless plating approach
may be used for forming a conductor layer that serves as a
circuit and preparing a printed circuit board.

[Printed Circuit Board]

The printed circuit board of the present embodiment 1s a
printed circuit board comprising an insulating layer and a
conductor layer formed on a surface of the insulating layer,
wherein the insulating layer comprises the resin composition
mentioned above.

The printed circuit board of the present embodiment 1s
prepared, for example, by forming a conductor layer that
serves as a circuit by use of a metal fo1l or electroless plating
on the insulating layer. The conductor layer 1s generally
constituted by copper or aluminum. The nsulating layer for
printed circuit boards with the conductor layer formed
thereon can be pretferably used as a printed circuit board by
forming a predetermined wiring pattern. In addition, the
printed circuit board of the present embodiment comprising
the 1nsulating layer comprising the resin composition men-
tioned above can be particularly effectively used as a printed
circuit board for semiconductor packages, because the 1nsu-
lating layer mentioned above maintains the excellent elastic
modulus even at a reflow temperature during semiconductor
packaging and thereby effectively suppresses the warpage of
semiconductor plastic packages.
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Specifically, the printed circuit board of the present
embodiment can be produced by, for example, the following

method: first, the metal foil-clad laminate (copper-clad lami-
nate, etc.) mentioned above 1s prepared. The surface of the
metal foil-clad laminate 1s subjected to etching treatment for
the formation of an inner layer circuit to prepare an inner
layer substrate. The inner layer circuit surface of this inner
layer substrate 1s subjected, if necessary, to surface treatment
for enhancing adhesion strength. Subsequently, a required
number of the prepreg mentioned above 1s laminated on the
resulting inner layer circuit surface. A metal fo1l for an outer
layer circuit 1s laterally laminated thereon, followed by
integral molding under heat and pressure. In this way, a
multilayer laminate 1s produced 1n which the isulating layer
composed ol the base material and a cured product of
thermosetting resin composition 1s formed between the inner
layer circuit and the metal foi1l for an outer layer circuit.
Subsequently, this multilayer laminate 1s processed by hole
drilling for through-holes or via holes and then subjected to
desmear treatment for removing smear, which 1s a residue of
resins derived from the resin components contained in the
cured product layer. Then, the inside walls of these holes are
coated with a metal plating film for the community between
the mner layer circuit and the metal foil for an outer layer
circuit. The metal foi1l for an outer layer circuit i1s further
subjected to etching treatment for the formation of the outer
layer circuit to produce the printed circuit board.

In the printed circuit board of the present embodiment, for
example, the prepreg mentioned above (base material
impregnated with the resin composition mentioned above),
the resin sheet mentioned above (support impregnated with
the resin composition mentioned above), or the resin com-
position layer of the metal foil-clad laminate (layer com-
posed of the resin composition mentioned above) constitutes
the 1nsulating layer comprising the resin composition men-
tioned above.

In the printed circuit board of the present embodiment, the
insulating layer has a difference of preferably 20% or less,
more preferably 0 to 20%, further preferably 0 to 15%,
between the flexural modulus at 25° C. and the flexural
modulus under heat at 250° C. When the 1nsulating layer has
the difference between the flexural modulus at 25° C. and the
flexural modulus under heat at 250° C. within the range
described above, the rate of maintenance of elastic modulus
1s favorable. In this context, the rate of maintenance of
clastic modulus refers to the ratio of the flexural modulus at
250° C. to the flexural modulus at 25° C.

In the present embodiment, examples of the approach for
setting the difference between the flexural modulus at 25° C.
and the flexural modulus under heat at 250° C. of the
insulating layer to within 20% include, but are not particu-
larly limited to, appropnately adjusting the type and content
of each component 1n the resin composition for use 1n the
isulating layer to the ranges described above.

Heremaftter, the present invention will be specifically
described with reference to Examples and Comparative
Examples. However, the present invention 1s not intended to
be limited by these Examples by any means.

EXAMPLES

Synthesis Example 1

Synthesis of a-Naphthol Aralkyl-Based Cyanic Acid Ester

Resin
A reactor equipped with a thermometer, a stirrer, a drop-
ping funnel, and a retlux condenser was cooled to 0 to 5° C.
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in advance using brine and charged with 7.47 g (0.122 mol)
of cyanogen chloride, 9.75 g (0.0935 mol) of 35% hydro-
chloric acid, 76 ml of water, and 44 ml of methylene
chlonde.

While the temperature and pH of this reactor were kept at
-5 to +5° C. and 1 or lower, respectively, a solution
contaiming 20 g (0.0935 mol) of an a.-naphthol aralkyl-based
phenol resin of the formula (9) wherein all of the R, moieties
were hydrogen atoms (SN485, OH group equivalent: 214
g/eq., soltening point: 86° C., manufactured by Nippon Steel
& Sumikin Chemical Co., Ltd.), and 14.16 g (0.14 mol) of
triethylamine dissolved 1n 92 ml of methylene chloride was
added dropwise over 1 hour through the dropping funnel
with stirring. After the completion of the dropwise addition,
472 g (0.047 mol) of triecthylamine was further added
dropwise thereto over 15 minutes.

After the completion of the dropwise addition, the mix-
ture was stirred at the same temperature as above for 15
minutes. Then, the reaction solution was separated into
organic and aqueous layers, and the organic layer was
separated. The obtained organic layer was washed with 100
ml of water twice. Then, methylene chloride was distilled off
under reduced pressure with an evaporator, and the residue
was linally concentrated to dryness at 80° C. for 1 hour to
obtain 23.5 g of a cyanic acid esterified product of the
a.-naphthol aralkyl-based phenol resin (a-naphthol aralkyl-
based cyanic acid ester resin).

Example 1

30 parts by mass of a maleimide compound (BMI-80,
maleimide group equivalent: 285 g/eq, manufactured by K-I
Chemical Industry Co., LTD.) were polymerized with 15
parts by mass of diamino-modified silicone (X-22-161B,
amino group equivalent: 1500 g/eq, manufactured by Shin-
Etsu Chemical Co., Ltd.) to obtain a prepolymer. The
obtained prepolymer, 25 parts by mass of bisallylnadimide
(BANI-M, alkenyl group equivalent: 286 g/eq, manuiac-
tured by Maruzen Petrochemical Co., Ltd.), 30 parts by mass
of a maleimide compound (BMI-2300, maleimide group
equivalent: 186 g/eq, manufactured by Daiwa Fine Chemi-
cals Co., Ltd.), 5 parts by mass of an epoxysilane coupling
agent (Z6040, manufactured by Dow Corning Toray Co.,
Ltd.), 1 part by mass of a wetting dispersant (DISPERBYK -
161, manufactured by BYK Japan K.K.), 0.5 parts by mass
of a wetting dispersant (DISPERBYK-111, manufactured by
BYK Japan K.K.), 120 parts by mass of slurry silica
(SC-2050 MB, manufactured by Admatechs Co., Ltd.), and
0.5 parts by mass of 2.,4,5-triphenylimidazole (TPIZ, manu-
factured by Wako Pure Chemical Industries, Ltd.) were
mixed to obtain a resin composition having a ratio of the
number of maleimide groups/the number of amino groups of
10.5 and a ratio of the number of alkenyl groups/the number
of maleimide groups of 3.0.

In the present Examples, the number of maleimide
groups/the number of amino groups and the number of
alkenyl groups/the number of maleimide groups are repre-
sented by the following expressions:

[The number of maleimide groups/the number of
amino groups|=(Parts by mass of the maleimide
compound/Maleimide group equivalent of the
maleimide compound)/(Parts by mass of the
diamino-modified silicone/Amino group equiva-
lent of the diamino-modified silicone)

[The number of alkenyl groups/the number of
maleimide groups|=(Parts by mass of the bisal-
lylnadimide/Alkenyl group equivalent of the
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bisallylnadimide)/(Parts by mass of the maleim-
ide compound/Maleimide group equivalent of
the maleimide compound)

The obtained resin composition was diluted with methyl
cthyl ketone to obtain varnish. A 0.1 mm S glass woven
fabric was 1impregnated and coated with this varnish, and

dried by heating at 160° C. for 3 minutes to obtain a prepreg
having a resin composition content of 44.5% by mass.

Example 2

15 parts by mass of a maleimide compound (BMI-80,
maleimide group equivalent: 285 g/eq, manufactured by K-I
Chemical Industry Co., LTD.) were polymerized with 10
parts by mass ol diamino-modified silicone (X-22-161B,
amino group equivalent: 1500 g/eq, manufactured by Shin-
Etsu Chemical Co., Ltd.) to obtain a prepolymer. The
obtained prepolymer, 30 parts by mass of bisallylnadimide
(BANI-M, alkenyl group equivalent: 286 g/eq, manufac-
tured by Maruzen Petrochemical Co., Ltd.), 35 parts by mass
of a maletmide compound (BMI-2300, maleimide group
equivalent: 186 g/eq, manufactured by Daiwa Fine Chemi-
cals Co., Ltd.), 5 parts by mass of an epoxysilane coupling
agent (76040, manufactured by Dow Cornming Toray Co.,
Ltd.), 120 parts by mass of slurry silica (SC-2050 MB,
manufactured by Admatechs Co., Ltd.), 9.5 parts by mass of
a biphenyl aralkyl-based epoxy resin (NC3000FH, manu-
factured by Nippon Kayaku Co., Ltd.), 0.5 parts by mass of
a prepolymer of 2,2-bis(4-cyanatophenyl)propane (CA210,
manufactured by Mitsubish1 Gas Chemical Co., Inc.), and
0.5 parts by mass of 2.4,5-triphenylimidazole (TPIZ, manu-
factured by Wako Pure Chemical Industries, Ltd.) were
mixed to obtain a resin composition. The obtained resin
composition having a ratio of the number of maleimide
groups/the number of amino groups of 7.9 and a ratio of the
number of alkenyl groups/the number of maleimide groups
of 2.3 was diluted with methyl ethyl ketone to obtain
varnish. A 0.1 mm S glass woven fabric was impregnated
and coated with this varnish, and dried by heating at 160° C.
for 3 minutes to obtain a prepreg having a resin composition
content of 44.5% by mass.

Example 3

25 parts by mass of a maleimide compound (BMI-80,
maleimide group equivalent: 285 g/eq, manufactured by K-I
Chemical Industry Co., LTD.) were polymerized with 15
parts by mass of diamino-modified silicone (X-22-161B,
amino group equivalent: 1500 g/eq, manufactured by Shin-
Etsu Chemical Co., Ltd.) to obtain a prepolymer. The
obtained prepolymer, 25 parts by mass of bisallylnadimide
(BANI-M, alkenyl group equivalent: 286 g/eq, manufac-
tured by Maruzen Petrochemical Co., Ltd.), 30 parts by mass
of a maleimide compound (BMI-2300, maleimide group
equivalent: 186 g/eq, manufactured by Daiwa Fine Chemi-
cals Co., Ltd.), 5 parts by mass of an epoxysilane coupling
agent (76040, manufactured by Dow Cornming Toray Co.,
Ltd.), 1 part by mass of a wetting dispersant (DISPERBYK -
161, manufactured by BYK Japan K.K.), 0.5 parts by mass
of a wetting dispersant (DISPERBYK-111, manufactured by
BYK Japan K.K.), 120 parts by mass of slurry silica
(SC-2050 MB, manufactured by Admatechs Co., Ltd.), 4.5
parts by mass of a biphenyl aralkyl-based epoxy resin
(NC3000FH, manufactured by Nippon Kayaku Co., Ltd.),
and 0.5 parts by mass of prepolymer of 2,2-bis(4-cyanato-
phenyl)propane (CA210, manufactured by Mitsubishi Gas
Chemical Co., Inc.) were mixed to obtain a resin composi-
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tion having a ratio of the number of maleimide groups/the
number of amino groups of 8.8 and a ratio of the number of
alkenyl groups/the number of maleimide groups of 2.8. The
obtained resin composition was diluted with methyl ethyl
ketone to obtain varnish. A 0.1 mm S glass woven fabric was
impregnated and coated with this varnish, and dried by

heating at 160° C. for 3 minutes to obtain a prepreg having
a resin composition content of 44.5% by mass.

Example 4

25 parts by mass of a maleimide compound (BMI-80,
maleimide group equivalent: 285 g/eq, manufactured by K-I
Chemical Industry Co., LTD.) were polymerized with 15
parts by mass of diamino-modified silicone (X-22-161B,
amino group equivalent: 1500 g/eq, manufactured by Shin-
Etsu Chemical Co., Ltd.) to obtain a prepolymer. The
obtained prepolymer, 25 parts by mass of bisallylnadimide
(BANI-M, alkenyl group equivalent: 286 g/eq, manufac-
tured by Maruzen Petrochemical Co., Ltd.), 30 parts by mass
of a maleimide compound (BMI-2300, maleimide group
equivalent: 186 g/eq, manufactured by Daiwa Fine Chemi-
cals Co., Ltd.), 5 parts by mass of an epoxysilane coupling
agent (76040, manufactured by Dow Corming Toray Co.,
Ltd.), 1 part by mass of a wetting dispersant (DISPERBYK -
161, manufactured by BYK Japan K.K.), 0.5 parts by mass
of a wetting dispersant (DISPERBYK-111, manufactured by
BYK Japan K.K.), 200 parts by mass of slurry silica
(SC-2050 MB, manufactured by Admatechs Co., Ltd.), 4.5
parts by mass of a biphenyl aralkyl-based epoxy resin
(NC3000FH, manufactured by Nippon Kayaku Co., Ltd.),
0.5 parts by mass of the a-naphthol aralkyl-based cyanic
acid ester resin obtained 1n Synthesis Example 1, and 0.5
parts by mass of 2.4,5-triphenylimidazole (1TPIZ, manufac-
tured by Wako Pure Chemical Industries, Ltd.) were mixed
to obtain a resin composition having a ratio of the number
of maleimide groups/the number of amino groups of 8.8 and
a ratio of the number of alkenyl groups/the number of
maleimide groups of 2.8. The obtained resin composition
was diluted with methyl ethyl ketone to obtain varnish. A 0.1
mm S glass woven fabric was impregnated and coated with
this varnish, and dried by heating at 160° C. for 3 minutes
to obtain a prepreg having a resin composition content of

4'7.0% by mass.

Example 5

25 parts by mass of a maletmide compound (BMI-80,
maleimide group equivalent: 285 g/eq, manufactured by K-I
Chemical Industry Co., LTD.) were polymerized with 15
parts by mass of diamino-modified silicone (X-22-161B,
amino group equivalent: 1500 g/eq, manufactured by Shin-
Etsu Chemical Co., Ltd.) to obtain a prepolymer. The
obtained prepolymer, 25 parts by mass of bisallylnadimide
(BANI-M, alkenyl group equivalent: 286 g/eq, manufac-
tured by Maruzen Petrochemical Co., Ltd.), 30 parts by mass
of a maleimide compound (BMI-2300, manufactured by
Daiwa Fine Chemicals Co., Ltd.), 5 parts by mass of an
epoxysilane coupling agent (26040, manufactured by Dow
Corning Toray Co., Ltd.), 1 part by mass of a wetting
dispersant (DISPERBYK-161, manufactured by BYK Japan
K.K.), 0.5 parts by mass of a wetting dispersant (DISPER -
BYK-111, manufactured by BYK Japan K.K.), 200 parts by
mass ol slurry silica (SC-2050 MB, manufactured by
Admatechs Co., Ltd.), 4.5 parts by mass of a biphenyl
aralkyl-based epoxy resin (NC3000FH, manufactured by
Nippon Kayaku Co., Ltd.), and 0.5 parts by mass of the
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a.-naphthol aralkyl-based cyanic acid ester resin obtained 1n
Synthesis Example 1 were mixed to obtain a resin compo-
sition having a ratio of the number of maleimide groups/the
number of amino groups of 8.8 and a ratio of the number of
alkenyl groups/the number of maleimide groups of 2.8. The
obtained resin composition was diluted with methyl ethyl
ketone to obtain varnish. A 0.1 mm S glass woven fabric was
impregnated and coated with this varnish, and dried by

heating at 160° C. for 3 minutes to obtain a prepreg having
a resin composition content of 47.0% by mass.

Example 6

25 parts by mass of a maleimide compound (BMI-80,
maleimide group equivalent: 285 g/eq, manufactured by K-I
Chemical Industry Co., LTD.) were polymerized with 15
parts by mass of diamino-modified silicone (X-22-161B,
amino group equivalent: 1500 g/eq, manufactured by Shin-
Etsu Chemical Co., Ltd.) to obtain a prepolymer. The
obtained prepolymer, 25 parts by mass of bisallylnadimide
(BANI-M, alkenyl group equivalent: 286 g/eq, manufac-
tured by Maruzen Petrochemical Co., Ltd.), 30 parts by mass
of a maleimide compound (BMI-2300, manufactured by
Daiwa Fine Chemicals Co., Ltd.), 5 parts by mass of an
epoxysilane coupling agent (26040, manufactured by Dow
Corning Toray Co., Ltd.), 1 part by mass of a wetting
dispersant (DISPERBYK-161, manufactured by BYK Japan
K.K.), 0.5 parts by mass of a wetting dispersant (DISPER -
BYK-111, manufactured by BYK Japan K.K.), 20 parts by
mass ol a silicone composite powder (KMP-600, manufac-
tured by Shin-Etsu Chemical Co., Ltd.), 120 parts by mass
of slurry silica (SC-2050 MB, manufactured by Admatechs
Co., Ltd.), 4.5 parts by mass of a biphenyl aralkyl-based
epoxy resin (NC3000FH, manufactured by Nippon Kayaku
Co., Ltd.), and 0.5 parts by mass of prepolymer of 2,2-bis
(4-cyanatophenyl)propane (CA210, manufactured by Mit-
subishi1 Gas Chemical Co., Inc.) were mixed to obtain a resin
composition having a ratio of the number of maleimide
groups/the number of amino groups of 8.8 and a ratio of the
number of alkenyl groups/the number of maleimide groups
of 2.8. The obtained resin composition was diluted with
methyl ethyl ketone to obtain varnish. A 0.1 mm S glass
woven fabric was impregnated and coated with this varnish,
and dried by heating at 160° C. for 3 minutes to obtain a
prepreg having a resin composition content of 43.0% by
mass.

Comparative Example 1

45 parts by mass of bisallylnadimide (BANI-M, alkenyl
group equivalent: 286 g/eq, manufactured by Maruzen Pet-
rochemical Co., Ltd.), 45 parts by mass of a maleimide
compound (BMI-2300, maleimide group equivalent: 186
g/eq, manuiactured by Daiwa Fine Chemicals Co., Ltd.), 5
parts by mass of an epoxysilane coupling agent (Z6040,
manufactured by Dow Corning Toray Co., Ltd.), 1 part by
mass of a wetting dispersant (DISPERBYK-161, manufac-
tured by BYK Japan K.K.), 120 parts by mass of slurry silica
(SC-2050 MB, manufactured by Admatechs Co., Ltd.), and
10 parts by mass of the a-naphthol aralkyl-based cyanic acid
ester resin obtained 1n Synthesis Example 1 were mixed to
obtain a resin composition. The obtained resin composition
was diluted with methyl ethyl ketone to obtain varnish. A 0.1
mm S glass woven fabric was impregnated and coated with
this varnish, and dried by heating at 160° C. for 3 minutes
to obtain a prepreg having a resin composition content of

44.5% by mass.
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Comparative Example 2

15 parts by mass of a maleimide compound (BMI-80,
maleimide group equivalent: 285 g/eq, manufactured by K-I
Chemical Industry Co., LTD.) were polymerized with 10 5
parts by mass of diamino-modified silicone (X-22-161B,
amino group equivalent: 1500 g/eq, manufactured by Shin-
Etsu Chemical Co., Ltd.) to obtain a prepolymer. The
obtained prepolymer, 10 parts by mass of a maleimide
compound (BMI-70, maleimide group equivalent: 221 g/eq,
manufactured by K-I Chemical Industry Co., Ltd.), 5 parts
by mass of a maleimide compound (BMI-2300, maleimide
group equivalent: 186 g/eq, manufactured by Daiwa Fine
Chemicals Co., Ltd.), 5 parts by mass of an epoxysilane
coupling agent (76040, manufactured by Dow Corning
Toray Co., Ltd.), 3 parts by mass of a wetting dispersant
(DISPERBYK-161, manufactured by BYK Japan K.K.), 10
parts by mass of a silicone resin powder (Tospearl, manu-
factured by Momentive Performance Matenals Japan LLC),
120 parts by mass of slurry silica (SC-2050 MB, manufac-
tured by Admatechs Co., Ltd.), 30 parts by mass of a
biphenyl aralkyl-based epoxy resin (NC3000FH, manufac-
tured by Nippon Kayaku Co., Ltd.), and 40 parts by mass of
the o-naphthol aralkyl-based cyanic acid ester resin
obtained in Synthesis Example 1 were mixed to obtain a
resin composition. The obtained resin composition was
diluted with methyl ethyl ketone to obtain varnish. A0.1 mm
S glass woven fabric was impregnated and coated with this
varnish, and dried by heating at 160° C. for 3 minutes to
obtain a prepreg having a resin composition content of

44.5% by mass.
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Comparative Example 3

10 parts by mass of a maleimide compound (BMI-70,
maleimide group equivalent: 221 g/eq, manufactured by K-I
Chemical Industry Co., Ltd.), 5 parts by mass of an epox-
ysilane coupling agent (26040, manufactured by Dow Corn-
ing Toray Co., Ltd.), 3 parts by mass ol a wetting dispersant
(DISPERBYK-161, manufactured by BYK Japan K.K.), 10
parts by mass of a silicone resin powder (Tospearl, manu-
factured by Momentive Performance Matenals Japan LLC),
120 parts by mass of slurry silica (SC-2050 MB, manufac-
tured by Admatechs Co., Ltd.), 40 parts by mass of a
biphenyl aralkyl-based epoxy resin (NC3000FH, manufac-
tured by Nippon Kayaku Co., Ltd.), 50 parts by mass of the
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TABL.

Example 1

Rate of %%
maintenance
of elastic

89 92 8&

modulus
Coeflicient of
thermal

2.5 2.8

ppm/° C. 3

expansion
Heat
resistance

S-288 30 min >30 min >30 min >30 min

a.-naphthol aralkyl-based cyanic acid ester resin obtained 1n
Synthesis Example 1, and 0.05 parts by mass of zinc
octanoate (Nikka Octhix Zinc, manufactured by Nihon
Kagaku Sangyo Co., Ltd.) were mixed to obtain a resin g5
composition. The obtained resin composition was diluted
with methyl ethyl ketone to obtain varnish. A 0.1 mm S glass

Example 2 Example 3 Example 4 Example 5 Example 6 Example 1

94

>30 min
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woven fabric was impregnated and coated with this varnish,
and dried by heating at 160° C. for 3 minutes to obtain a
prepreg having a resin composition content of 44.5% by
mass.

|Preparation of Metal Foil-Clad Laminate]

Electrolytic copper foils having a thickness of 12 um
(3EC-III, manufactured by Mitsu1 Mining & Smelting Co.,
Ltd.) were disposed on the upper and lower sides of 1 layer
or 8 layers of the prepreg obtained 1n each of Examples 1 to
6 and Comparative Examples 1 to 3, and the resultant was
lamination-molded at a pressure of 30 kgf/cm® and a tem-
perature of 220° C. for 120 minutes to obtain a copper-clad
laminate having an insulating layer thickness of 0.8 mm.

Results of measuring a flexural modulus, a coeflicient of
thermal expansion, and solder heat resistance using each
obtained copper-clad laminate are shown in Table 1.

|[Method for Evaluating Physical Properties of Copper-
Clad Laminate]

Flexural modulus: a 50 mmx235 mmx0.8 mm sample was
used. Its flexural modulus was measured at each of 25° C.
and 250° C. using an autograph (AG-Xplus manufactured by
Shimadzu Corp.) according to JIS C6481.

Rate of maintenance of elastic modulus: the rate of
maintenance of elastic modulus was calculated from the
flexural modulus (a) at 25° C. and the flexural modulus (b)
under heat at 250° C. measured by the approach described
above according to the following expression:

Rate of maintenance of elastic modulus (%)=(5)/(a)x
100

Coellicient of thermal expansion: a 4.5 mmx30 mmx0.1
mm sample was used. The sample was heated from 40° C.
to 340° C. at a rate of 10° C./min 1in a thermomechanical
analysis apparatus (manufactured by TA Instruments) to
measure the coetlicient of linear thermal expansion in the
planar direction at from 60° C. to 120° C. The direction of
the measurement was set to the longitudinal direction
(Warp) of the glass cloth of the laminate.

Heat resistance evaluation: the heat resistance was evalu-
ation by the following method using each copper foil-clad
laminate.

Heat resistance: a 50x50 mm sample was allowed to float
in solder of 288° C. for 30 minutes. The time required for
delamination to occur was measured. When no delamination
occurred even aifter a lapse of 30 minutes, >30 min was
shown 1n the table.

(L]

1

Comparative Comparative Comparative
Example 2 Example 3

90 88 92 84 78

1.9 2.1 2.4 4.3 4.2 8.4

>30 min =30 min =30 min >30 min >30 min

INDUSTRIAL APPLICABILITY

The resin composition of the present invention and the
printed circuit board comprising the resin composition can
be preferably used as members for various electronics and
communication devices, including personal computers.
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The 1nvention claimed 1s:

1. A resin composition comprising an alkenyl-substituted
nadimide (A), a maleimide compound (B-2), and a prepoly-
mer (P) which 1s a reaction product of a maleimide com-
pound (B-1) with an amino-modified silicone (C);

wherein the maleimide compound (B-1) 1s at least one

compound selected from the group consisting of 2,2-
bis(4-(4-maleimidophenoxy)-phenyl)propane and bis
(3-ethyl-5-methyl-4-maleimidophenyl )methane, and
wherein the maleimide compound (B-2) 1s at least one
compound selected from the group consisting of poly-
tetramethylene oxide-bis(4-maleimidobenzoate) and a
maleimide compound represented by formula (6):

(6)

N N
N PN

| e—]|- g
F PL F

wherein each R independently represents a hydrogen atom
or a methyl group, and n, represents an integer of 1 or larger.
2. The resin composition according to claim 1, wherein

the alkenyl-substituted nadimide (A) comprises a compound
represented by following formula (1):

D)
O

o

wherein each R, independently represents a hydrogen
atom or an alkyl group having 1 to 6 carbon atoms, and
R, represents an alkylene group having 1 to 6 carbon
atoms, a phenylene group, a biphenylene group, a
naphthylene group, or a group represented by following

formula (2) or (3):

wherein R, represents a methylene group, an 1sopropy-
lidene group, or a substituent represented by CO, O, S,

or SO,, and

R

(2)

(3)
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wherein each R, independently represents an alkylene
group having 1 to 4 carbon atoms, or a cycloalkylene
group having 5 to 8 carbon atoms.

3. The resin composition according to claim 1, wherein
the alkenyl-substituted nadimide (A) comprises a compound
represented by following formula (4) and/or a compound
represented by following formula (5):

(4)

_—

%/\\ .

0 /

()

4. The resin composition according to claim 1, further
comprising a cyanic acid ester compound.

5. The resin composition according to claim 4, wherein
the cyanic acid ester compound comprises a compound
represented by following formula (7) and/or a compound
represented by following formula (8):

(7)

OCN OCN
Rg __. R
2N | ) AN
N I (‘j \ / (‘j . I §
Rg Rg

wherein each R, independently represents a hydrogen
atom or a methyl group, and n, represents an integer of
1 or larger, and

(3)

OCN OCN
c—||- —H
\/ R \/

wherein each R., independently represents a hydrogen
atom or a methyl group, and n, represents an integer of
1 or larger.

6. The resin composition according to claim 1, further
comprising an imidazole compound (X) represented by
tollowing formula (I):
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(1)
R
R
Ar N)\Ar
H

wherein each Ar independently represents a phenyl group,
a naphthalene group, a biphenyl group, an anthracene

group, or a hydroxy group-modified group thereot, and
R represents a hydrogen atom, an alkyl group or a
hydroxy group-modified group thereof, or an aryl
group.

7. The resin composition according to claim 6, wherein
the imidazole compound (X) represented by the formula (I)
1s 2,4,5-triphenylimidazole.

8. The resin composition according to claim 1, wherein
the amino-modified silicone (C) comprises a compound
represented by following formula (Y):

(Y)
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wherein each R, independently represents a hydrogen
atom, a methyl group, or a phenyl group, each R,
independently represents an alkylene group having 1 to
10 carbon atoms and optionally having a side chain,
and n represents an iteger of O or larger.

9. The resin composition according to claim 1, further
comprising an inorganic filler (D).

10. The resin composition according to claim 9, wherein
the inorganic filler (D) comprises at least one selected from

the group consisting of silica, alumina, and aluminum
nitride.

11. The resin composition according to claim 9, wherein

the content of the morgamc filler (D) 1s 50 to 500 parts by

mass based on 100 parts by mass 1n total of the alkenyl-
substituted nadimide (A), the maleimide compounds (B-1)
and (B-2), and the amino-modified silicone (C).

12. A metal foil-clad laminate comprising a cured product
ol a laminated body comprising a metal foil laminated with
at least one selected from the group consisting of a prepreg
comprising a base material impregnated or coated with the
resin composition according to claim 1 and a resin sheet
comprising a support coated with the resin composition.

13. A printed circuit board comprising an insulating layer
and a conductor layer formed on a surface of the msulating
layer, wherein the isulating layer comprises the resin
composition according to claim 1.

G ex x = e
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